The main purpose of this paper is to investigate the interactional relationship between operational risk, credit risk, liquidity risks and the Tunisian bank performance. We used a sample of Tunisian banks over the period 1990-2017. Results of the panel data analysis show that an increase in required capital charge to hedge operational risk significantly increases the level of bank performance. Findings also indicate that the interaction between operational risk and loan activities exerts a positive and significant effect on the level of bank performance. However, no significant effect of the interaction between operational and liquidity risk was found. These results could bring some important policy recommendations to policymakers toward the reinforcement of the capital charge and for improving the analysis and the management process of bank risks.
Introduction
It is obvious that banks play a crucial role in the economy financing. This role becomes more announced in emerging economy when financial markets are less developed and less dynamic. For these economies, the most important role of finance is devoted to the banking sector. From the one hand, banks operate and search to be more efficient since it is even the raison d'être of this activity. From the other hand, banks are faced to multiple and complex risks that threaten their stability and their survival.
Literature on the effect of credit and liquidity risks on bank performance is strongly documented (Kithinji, 2010; Kargi, 2011; Arif & Nauman, 2012; Hakimi & Zaghdoudi, 2017; Hamdi & Hakimi, 2019) . However, less abundant studies those are focused on the operational dimension, its determinants and its effect on the bank performance. Furthermore, the few empirical studies that are focused on the relationship between operational risk and bank performance provide mixed and inconclusive results. Some authors have found that operational risk does not have any significant effect on the level of bank performance (Micco et al., 2007; Athanasoglou et al., 2008; Muriithi & Waweru, 2017) . In contrary, others studies have concluded that operational risk increases the level of bank performance (Bikker et al., 2002; Pasiouras & Kosmidou, 2007; Al-Tamimi et al., 2015) . On the Relationship between Operational Risk and Tunisian Banks Performance: Does the Interaction between the Other Risks Matter?
The controversy around the effect of operational risk on bank performance motivates us to study this relationship for the Tunisian context. Basically, the purpose of this paper is to study the dynamic relationship between operational risk and bank performance. Moreover, we investigate the interaction effect of operational risk, credit and liquidity risk on the Tunisian bank performance.
To achieve these goals, we used bank-level data relating to the ten (10) largest Tunisian banks over the period 2000-2017. We choose these banks since they are the most involved in the financing of the Tunisian national economy. Also, they are the most ranked in terms of the volume of their total assets and total deposits. To control the macroeconomic environment in which operate Tunisian banks, we include two macroeconomic variables: the growth rate of GDP and the inflation rate. The main sources of data are the annual reports of banks, and the World Bank databases.
Taking into the individual and the temporal dimensions and since the number of years (N=18) is greater than the number of banks (i=10), we performed the static panel data analysis instead of the dynamic panel data. The empirical strategy of this paper is based on three steps. In the first step, we separately test the impact of the operational risk proxied by the capital requirements in the basic indicators approach on the level of bank performance. The second step is therefore to test the impact of the interaction effect of operational risk-loans activities on the level of bank performance. While in the third step, we examine the interaction effect between operational risk and liquidity risk.
Theoretically, this study contributes to the existing literature in two ways. First, most of studies on bank risks are focused either on credit or liquidity risks as the two serious risks. However, less abundant studies that are carry out on operational risk. To the best of our knowledge, there are no studies that are focused on the effect of operational risk on the Tunisian bank performance. Second, the choice of the Tunisian context is justified by the crucial role of banking sector in the financing of the Tunisian economy. Banks are considered as the most involved financial institutions which provide necessaries funds for investment. In some indebted countries, the stability of the entire economy depends on the banking system stability. Hence, it is very useful to study the interactional effect of bank risks on the bank performance.
Empirically, contrary to previous studies that carry out either on the credit or liquidity risks, this current focuses on one of the most complex risk. We assess the effect of bank risks on bank performance following three steps. First, we test the effect of operational risk on bank performance. Second, we explore the interactional effect between operational risk and credit risk. Third, we investigate the effect of operational risk and liquidity risk.
The rest of this paper is articulated as follow. Section 2 presents a brief literature review. An overview of the Tunisian banking sector is given in section 3. The methodology adopted for this paper is introduced in section 4. We present and we discuss descriptive and empirical results in the section 5. Section 6 concludes and addresses some policy implications.
Literature Review
The relationship between operational risk and bank performance is one of the least discussed topics in banking literature. Results around this topic are inconclusive and clearly perceptible. As for example, Muriithi and Waweru (2017) used a qualitative approach to identify the causes of bank losses that affect the shareholder returns of commercial banks in the Kenyan context. They measure financial performance through return on equity. Operational risk was proxied through the following dimensions: internal and external fraud (IEF), customers, products and business practices (CPBP), business interruption and system failure (BDSF) and execution, delivery and process management (EDPM). Empirical findings indicate that operational risk negatively affects the financial performance. They also showed that the negative effect of the four dimensions of operational risk is relatively important for bank profitability.
More recently, Olalere et al. (2018) studied the impact of operational risks on the bank performance. They used a sample of (16) commercial banks in Nigeria selected for the period from 2009 to 2015 and they performed the panel data analysis as econometric approach. The bank performance is measured by the net A. Hakimi -S. A. Boukaira interest margin, while the operational risk is represented by the cost/income ratio, and total operating expenses/total assets. Results show that the bank efficiency ratio has a significant and negative effect on the business performance. While the ratio of operating expenses has a significant and positive effect on the level of performance. Findings also indicate that the bank size do not exert any significant effect. While GDP plays an important role in the performance of commercial banks during the study period. Al-Tamimi et al. (2015) examined the relationship between banking risks and the performance of Islamic banks in the Gulf countries. The sample covers 47 banks over the period 2000-2012. Their results support a negative and significant relationship between the performance of Islamic banks and operational risk.
In a recent study, Gadzo et al. (2019) explored the effect of operational risk on the financial performance of universal banks in Ghana, using the structural equation model (SEM). The data collected are related to 24 universal banks. They found that the operational risk has a negative impact on the bank financial performance. In addition, results show that certain bank-specific variables measured by asset quality, bank indebtedness, cost/income have a significant and positive influence on both operational risk and financial performance of universal banks.
However, banking literature states that operational risk could affect bank performance across several variables such as the size of banks. For example, Bikker et al. (2002) and Pasiouras et al. (2007) found a positive relationship between the bank size of the level of performance. This result could be explained by the fact that large size reduces costs through the economies of scale. This result is sharply contradicted by Kasman (2010) . The author used a sample of 431 banks spread over 39 countries and found a negative impact of the bank size on the level of performance.
Other researches, such as that of Micco et al. (2007) and Athanasoglou et al. (2008) found no relationship between the bank size and the level of performance. However Stiroh and Rumble (2006) reported that an increase in bank size causes more difficulties in the level and the quality of management, and more particularly at the level of the coordination function.
Besides bank specifics, there are other external factors also called industry specifics and macroeconomic factors that can be considered as determinants in the operational risk-performance relationship. As for example, we quote the level of competition-concentration, the mergers and acquisition operations, the growth of the GDP, and the inflation.
Literature relating on the effect of market concentration on bank performance has distinguished two radically opposed theories. The first one is the Structure-Conduct-Performance Theory (SCP) and the second one is the Efficient -Structure Theory (ES). According to the SCP theory articulated around the work of Molyneux and Thornton (1992) , there is a positive association between market concentration and bank performance. In concentrated market it results a quasi-monopoly position and subsequently, the possibility of imposing high prices for their products and to pay low costs on the used resources. In this case, the interest margin increases that leads also to an increase in the level of bank performance. While the ES theory, whose main followers are Staikouras and Wood (2004) , it adopts a position radically opposed to the first one.
For the effect of macro-economic environment, Bikker and Hu (2002) and Schwaiger and Liebig (2008) have found a positive relationship between GDP growth and banking performance. This could be justified by the fact that in the periods of economic growth it results a high demand for loans of, which in turn will lead to an increase in the interest revenues that increase bank performance. With regard to the effect of the inflation rate, Revel (1979) tested the linkage between inflation and bank performance. He found that when the growth rate of inflation is lower than the expenditure, the impact of inflation is positive and vice versa. Following Revel (1979), Perry (1992) has introduced the concept of anticipation. According to this author, when inflation is not anticipated, costs will increase in a faster rhythm than the prices of products, which will have a negative impact on the banks' performance. Furthermore, in their study, Ben Naceur and Kandil (2009) conclude that inflation has a negative impact on banks' performance, due to the decrease in credit demand that consequently decrease the bank interest margin.
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An Overview of the Tunisian Banking System
Banks play a crucial role in the economy financing. For some indebted economies, their stability is closely linked to the stability of banking system. Like several emerging market, Tunisian banking system is considered as the important source of financing especially for private sector and small medium size enterprises (SME). According to the statistics of the World Development Indicators (WDI), domestic credit provided by banking sector (% of GDP) in Tunisia reached very attractive levels. As for example, this level was reported at 79.33% in 2015, 81.15% in 2016 and 85.58% in 2017.
Actually, the Tunisian banking sector is composed of 29 institutions, including 11 listed banks, with a market capitalization of 8 billion dinars in 2015. The banking sector is the primary market force, accounting for 41% of total capitalization. There are three public banks with 38% of the total assets. These three banks are considered as the most involved in the financing of the economy.
Since 1987, the Tunisian banking sector has undergone significant structural reforms over the past three decades. Those reforms are carried out in order to have a more dynamic and modern banking system. It should be noted, that the reforms of the Tunisian banking system are induced by the adoption of the structural adjustment program (SAP) suggested by the International Monetary Fund.
In relation with the issue of this paper, it has been more emphasis in analyzing the evolution of the capital charges required to hedge operational risk and the evolution of the net interest margin. This evolution will be studied annually and across banks 1 . Figures below give some trends on these evolutions. It is worth recalling that we have limited our study to 10 banks since there are the most dynamic and they monopolize the most important share of total assets, total credits and total deposits. Values related to capital charge are in millions of dinars (MD), however values of net interest margin (NIM) are in %. This increase can be explained as follow. Since a capital charge is calculated as 15% of net banking income (NBI), this means that Tunisian banks have recorded high level of NBI. We can conclude also that Tunisian banks assign a great importance to hedge the operational risk which leads for keeping an important level of capital which able to provide cover for operational risk.
After analyzing the annual evolution of the NIM and the capital charge, we aim in the following development to examine the evolution of these tow indicators across banks. Figures 3 and 4 below indicate these bank evolutions 2 . From Figure 3 , we acknowledge that private banks are the most efficient with regard to the NIM. Firstly, we found that the Tunisian bank (BT) with an average NIM of 3.74%. Secondly, the International Arab Tunisian Bank (BIAT) which registered a level of 3.18%. The international Union of Banks (UIB) comes at the third place with a level of performance of 2.99%. The weakest level of performance is recorded by Arab Tunisian Bank (ATB) bank with a level of 1.68% and by the state-owned banks. The STB bank was considered as the least efficient bank with a level of NIM only of 1.98%. This bank is followed by the National Agricultural Bank (BNA) bank with a level of 2.66%.
From these descriptive statistics related to bank performance, we found that state-owned banks are the less efficient. However, private banks are recognized as the most efficient. Figure 4 presents the level of capital charges required to hedge operational risk. We notice the BIAT requires more capital with an amount of 14962 MD. This bank is followed by the BNA with a level of capital charges of 11065 MD. However, the Union Banks of Trade and Industry (UBCI) and the ATB required less capital charges with respectively 5665 MD and 6394 MD.
Methodology
In this section, we present the methodology adopted for this study. In other words, we introduce our data, their sources and the empirical approach. Second, we specify the empirical models and we define precisely all variables and their measurements. 
Capital charges
Data
To investigate the effect of operational risk and its interaction with credit and liquidity risks on the level of performance, we use bank-level data related to ten (10) banks 3 over the period 2000-2017. We have selected only 10 banks since they are considered as the most dynamic and the most involved in the Tunisian economy financing. Also, these banks monopolize the most important share in term of total assets, total credit and total deposit 4 .
Variables relative to bank specifics are collected from the annual report of each bank during the period 2000-2017. However, variables that represent macroeconomic conditions are collected the World Bank Indicators (WDI) databases during the same period.
The presence of the two dimensions; individual (10 banks) and temporal (18 years), in our sample motivates us to perform the panel data analysis. We apply for the static panel data instead of dynamic panel data since the number of years (N) is greater than the number of banks (i).
Empirical Approach, Model Specification and Variables Definition
To investigate the impact of the interaction between operational risk and other banks risks for the Tunisian context, we follow an empirical approach based on three steps.
In the first step, we test separately the impact of operational risk proxied by the capital charges within the Basic Indicator Approach (KBIA), loans activity (credit risk) and liquidity risk on bank performance. We aim at this step to examine the individual effect of each bank risk. The econometric model relative to the first step can be written as follow:
Besides the individual impact of bank risks, we think that the interaction between operational risk and loans activity (credit risk) may affect the level of bank performance. Hence, the second step consists to test the impact of this interaction on bank performance for the Tunisian banks. The second model can be expressed as follow:
In the third step, we examine the impact of the interaction between operational risk and liquidity risk. The model 3 is presented as follow:
In this study, we use variables relative to bank specifics and others relative to macroeconomic conditions. All definitions and measurements of these variables are given in Table 1. A. Hakimi -S. A. Boukaira 
Discussion of Results
In this sub-section, we firstly analyze our data. Some descriptive statistics are given to have more information about the sample used in this study. For each variable, we interpret the average value, the minimum and the maximum value. Second, we examine the correlation between dependent variables to check for the multicollinearity problem. Third, we discuss empirical findings. Table 2 informs about descriptive statistics. Table 2 indicates that the average level of bank performance (NIM) is 2.6%. The maximum value for our sample during the period 2000-2017 was 5.9%. However, Tunisian banks record 0.4% as a minimum value of net interest margin. From this level, we conclude that Tunisian banks registered positive value of NIM during all the period of our study.
For the capital charge necessary to hedge operational risk, Tunisian banks maintain on average 8844.129 MD to hedge this risk. The maximum value is 30488.17 MD while the minimum value is about 2203.483MD. From these levels of capital charge, we conclude that Tunisian banks grant a great of importance for this risk.
Loans are considered as one of the most important functions of banking activities. For this reason, we introduce a proxy of credit risk (loans activity). This variable records on average 77.1%. This means that, on average loans represent more than 77% of total assets. The maximum value is 96.5%, while the minimum value represents more than 51%.
Conversely to loans activities, Tunisian banks are faced to the liquidity risk. Banks operate on the basis of liquidity which is considered as an important determinant of bank performance. Statistics in Table 2 indicate that the average level of liquidity risk is 117.4% with a maximum value of 259.7% and a minimum of 63.6%.
Besides liquidity, capital remains more important for banking activities and survives. A high level of capital indicates that banks are well capitalized and consequently more stable and more efficient. However, less level of capital indicates that banks are more vulnerable to chocks and crises. For our sample, the average value for the capital adequacy ratio is 9% with a minimum of 0.3% and a maximum of 17.5%. From these values, we conclude that our sample contains well capitalized bank with a level of capital to total assets equal to 17.5%. This level does not prevent the existence of banks that are less capitalized with a ratio only of 0.3%.
Size is recognized in the banking literature as a key factor that determines bank performance. Its impact is still inconclusive since literature has been divided into positive and negative effects. The average size for the sample used in this study is 14.93 and its maximum is 16.421.
With regard to the macroeconomic conditions, Table 2 indicates that the average of GDPG is 3.3%. During the period 2002-2017, the highest level of growth was 6.7% while the weakest level was -1.9%. For the inflation rate, Tunisia records on average a level of 3.9%. During the same period of study, the maximum level of inflation is 5.8% and the minimum level is 2%.
To check for multicollinearity problem, Table 3 presents the level and the nature of correlation between variables used in this study. From Table 3 , we notice that the level of correlation between variable is very low which confirm the absence of high correlation between independent variables. We registered high correlation between operational risk (KBIA) and its interaction between loan activities and liquidity risk. To solve this problem, we separately tested these variables in the three models.
It is worth recalling that we follow three steps to investigate the impact of operational risk on bank performance. The first one tests separately the impact of operational risk (KBIA), loans activity (credit risk) and liquidity risk on bank performance (model 1). The second one examines the impact of the interaction between operational risk and loans activity (model 2). The third one analyzes the interaction effect between operational risk (KBIA) and liquidity (model 3). Table 4 below gives empirical results of the three models.
A. Hakimi -S. A. Boukaira Results displayed in Table 4 indicate that the capital charges required to hedge operational risk is positively and significantly correlated with the net interest margin. An increase of 1% in capital charges increases bank performance by 8%. Banks with sufficient level of capital are able to hedge and to well manage their risks. However, banks with less required capital charge recorded less profitability since they are more exposed to negative consequences of this risk and to more bank fragility.
With regard to the effect of the interaction between capital charges (operational risk) and loans activity (credit risk), findings indicate a positive and significant association with the net interest margin. This result can be explained as follow. Having sufficient capital charge and dynamic loans activity with sufficient required guarantees, banks can more profit from interest revenues that increase bank performance. However, no significant effect of the interaction between operational risk and liquidity risk.
Loans activity as proxy of credit risk exerts a positive and significant effect on the level of bank performance. The fundamental objective of each financial institution is realizing higher profit and minimizing risks. Tunisian banks are based on classic activities. Hence, more loans with sufficient guarantees generate more interest revenues that increase the net interest margin.
Contrary to the effect of loans activity, findings indicate that liquidity risk measured by the loans to deposit ratio decreases significantly the Tunisian bank performance. An increase of 1% in the liquidity risk decreases bank performance by 0.8% for model (1) and 0.7% for model (2). Banks operate on the basis of liquidity which is considered as the main important input. Hence, banks with insufficient level of liquidity are enabling to response partial or integral withdraw. Also, Banks with insufficient liquidity may undergo the decline in their interest income that decreases the level of bank performance. Moreover; less liquid banks are more prone to banking fragility and crises. These results are in line with Bourke (1989) , Demirgüç-Kunt and Huizinga (1999) , Athanasoglou et al. (2008) , Hakimi and Zaghdoudi (2017) , Hamdi and Hakimi (2019) .
For the effect of macroeconomic variables, results show that the growth rate of GDP is positively and significantly correlated with the dependent variable for the three models. An increase of 5% in the GDP On the Relationship between Operational Risk and Tunisian Banks Performance: Does the Interaction between the Other Risks Matter?
increases the net interest margin by 10.4% for model (1), 8.9% for model (2) and 9% for model (3). In the period of growth, it results an increase in the ability of borrowers to pay their loans that reduces nonperforming and improves bank performance. Furthermore, stable macroeconomic conditions motivate and stimulate investment when banks can grant more good loans. The good quality of these loans increases the interest income and bank performance. These findings are in line with the works of Calza et al. (2003) and Athanasoglou et al. (2008) .
Findings indicate that bank performance is more sensitive to the inflation rates. We found that the net interest margin is negatively and significantly correlated with inflation. An increase of 1% in the inflation rate decrease bank performance by more than 40% for the three models. High inflation can distort bank financing decisions. Also, with high level of inflation, it results an increase of the interest income that increases NPLs and decreases bank performance. These results corroborate the work of Ben Naceur and Goaid (2008), Hakimi and Zaghdoudi (2017) .
Conclusion and Policy Recommendations
The aim of this paper was to explore the dynamic interaction between operational risk, credit risk, liquidity risks and the Tunisian bank performance. To this end, we use bank level data related to ten (10) banks and macroeconomic variables over the period 2000-2017. Since the number of years (N) is greater than the number of banks (i), we apply for the static panel data instead of dynamic panel data.
The empirical strategy followed in this paper is based on three steps. In the first step, we test separately the impact of operational risk proxied by the capital charges within the Basic Indicator Approach, loans activity (credit risk) and liquidity risk on bank performance. Empirical results of the model (1) indicate that an increase in capital charge necessary to hedge operational risk significantly increases the level of bank performance. The second step consists to test the impact of the interaction between operational risk and credit risk on the Tunisian bank performance. Empirical findings of the model (2) show that the interaction between operational risk and loans activity exerts a positive and significant effect on the level of bank performance measured by the net interest margin. In the third step, we tested the impact of the interaction between operational risk and liquidity risk on the Tunisian bank performance. Results show no significant effect of the interaction between operational and liquidity risk.
Findings also indicate that liquidity risk was found to be negatively and significantly correlated with the net interest margin for the model (1) and model (2). Furthermore, we found that loans activity as proxy for credit risk increases significantly the level of performance for the model (1) and model (3). For the Tunisian context, Banks are considered as loans based activity. Hence, any increase in the loans granted with sufficient guarantees significantly improves the performance of the Tunisian banks.
With regard to the effect of macroeconomic condition, bank performance benefits from an improvement of the level of growth while it is very sensitive to any changes in the inflation rate. In this study, bank size and capital are found to be without any significant effect on the bank performance.
These results could bring some important policy recommendations to policymakers toward a better hedge of bank risks precisely the operational risk. Since capital charge increases bank performance, Tunisian banks should increase the necessary capital that is able to hedge and manage this risk. Also, Tunisian banks are recommended to more strengthen their loans activity since it improves their performance, but they should grant more importance to the level of guarantees. Policymakers should take several economic and financial reforms in order to stabilize the macroeconomic context precisely the inflation rate that negatively affects the level of bank performance.
End Notes
1. For more details on the statistics of annual evolution of net interest margin and capital charge, see appendix 2. For more details on the statistics of the evolution of NIM and operational risk, see appendix 3.
